Routinely collected clinical data are increasingly collected in electronic form via electronic health records (EHRs) and aggregated within data warehouses, sometimes with additional data, including administrative (e.g., demographics, billing codes) and financial data (e.g., amount paid to the provider). Routinely collected clinical data are distinct from clinical trial data. Clinical trial data are generally collected from consented participants as part of a protocol that is specifically approved by an institutional review board (IRB).
In contrast, routinely collected clinical data are essential to health care and, thus, do not require additional resources to create. As such, these data have advantages and disadvantages for clinical and translational research (CTR). Advantages of routinely collected data include the fact that these data represent the population, rather than the often very selected subpopulation that enrolls in clinical trials. 1, 2 On the other hand, drawing valid conclusions from these data can be challenging. 3, 4 Nevertheless, there is increasing interest to leverage routinely collected clinical data for CTR. 5 Many institutions formed informatics groups that, with clinical and institutional information technology (IT) groups, created and manage data warehouses. Each institution must implement policies that govern research access to clinical data warehouses (CDWs). These policies must ensure compliance with applicable regulations (e.g., Health Insurance Portability and Accountability Act (HIPAA)) and protecting patient privacy while facilitating CTR. 6 One common approach is to create deidentified data sets for research. This has multiple advantages, including decreasing, although not eliminating, risk to privacy ( Table 1) . On the other hand, deidentification can reduce the utility of data, 7 necessitating project-specific deidentification strategies. Free text documents, such as dictated clinical notes, may be particularly difficult to deidentify. 8 Thus, from the researcher's perspective, access to fully identified data can be very valuable.
To a degree, applicable regulations (e.g., HIPAA) are subject to interpretation. Thus, a particular practice may be considered acceptable by one institution but not acceptable by another. Furthermore, institutions differ with respect to their assessment of and willingness to accept legal risk. Therefore, policies regarding access to clinical data containing protected health information vary among institutions. Motivated by the desire to decrease the barriers to clinical and translational research, we describe policies and procedures for data access at our institution.
PROCESS IMPLEMENTED AT THE UNIVERSITY OF TEXAS HEALTH SCIENCE CENTER AT HOUSTON
The University of Texas Health Science Center at Houston (UTHSC-H) has maintained a CDW since 2006. Clinical data are updated nightly, and the CDW currently contains information on over 4.3 million individuals derived from multiple sources, including administrative/billing systems and institutional EHRs dating back to 2004. In addition to structured data, the CDW contains over 30 million notes, updated on an as-needed basis.
In 2013, an "umbrella protocol" entitled "Clinical and administrative data reuse for research and quality improvement" was submitted to the Committee for the Protection of Human Subjects (CPHS), the IRB. This protocol (Data S1) was deemed exempt by the CPHS due to the use of existing data and received a waiver of authorization for HIPAA purposes. Although usage tracking and access logs must be maintained, they do not have to be reported on a regular
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basis to the CPHS. Change requests, such as inclusion of additional data in the CDW, still require CPHS approval. Briefly, the protocol stipulates that no project-specific CPHS (IRB) approval is required as long as the following criteria are satisfied:
1. Data do not leave the servers maintained by the Biomedical Informatics Group (i.e., the group responsible for maintaining the CDW) 2. No identifiable data are shared with individual researchers or published, and 3. No contact is made with patients (e.g., to collect additional data)
The protocol is managed by an administrator according to the flowchart shown in Figure 1 . Key stakeholders and activities are shown in Figure 2 . Requests for access to clinical data are handled using a local instance of the Research Electronic Data Capture (REDCap) 9 system. The administrator is responsible for maintaining records, including documentation that the requesting investigator has completed the IT, human subjects' research, and HIPAA training required of all investigators at the institution who work with clinical data. In cases that are not covered by the umbrella protocol, the administrator must verify that the investigator has been granted (or not granted) permission to access data and what specific data can be accessed by that investigator for the specific CPHS-approved project. In addition to granting access, the administrator is also responsible for revoking access to clinical data. User access is automatically revoked when a user leaves the institution (i.e., their IT account is terminated and their CDW credentials are invalidated). Additionally, user access is reviewed quarterly to determine if CDW access should be revoked due to expired training credentials, research protocol expiration (in cases in which access to clinical data was not gained via the umbrella protocol), or employee transfers (e.g., leaving the institution).
DATA ACCESS PROCESS UTILIZATION AND AUDIT
Since 2013, 233 investigators have obtained access to clinical data. At the present time (September 2018), 83 investigators have active data access privileges under the umbrella protocol. Usual time to from investigator request to obtaining access to clinical data has been 1 business day for internal requests and up to 3 business days for visiting researchers.
Many journals require a statement confirming IRB approval to be included in publications; this is enabled by the umbrella protocol. Authors write: "This study has been approved by the Committee for the Protection of Human Subjects (the UTHSC-H IRB) under protocol HSC-SBMI-13-0549." Investigators whose projects do not conform to the umbrella protocol (e.g., if they wish to move data from institutional servers) may submit their projects to the CPHS for project-specific review.
Research productivity and attribution have been difficult to track. In general, projects have included:
1. Study feasibility (e.g., in preparation for a grant submission) 2. Quality improvement efforts (e.g., how many patients with X have had a prescription for drug Y?, clinical quality metrics) 3. Support for clinical operations (e.g., inform resource allocation decisions) 4. Basic and applied informatics studies (e.g., implement
and evaluate an algorithm) 5. Participation in data-driven research networks (e.g., PCORNet 10 ) 6. With separate CPHS approval, identifying patients who are potentially eligible for specific clinical trials, and 7. Population health management (e.g., identify patients with poorly controlled diabetes and implement intervention).
An unanticipated side effect of streamlining data access and removing the need for project-specific IRB review has been the lack of a centralized protocol repository in the electronic IRB system. Thus, the actual number of publications that resulted from access to clinical data is even more difficult to track.
Since initial review by the CPHS, the protocol has been amended several times to include new data sources, including data from an affiliated psychiatric hospital (i.e., a distinct institution affiliated with the UTHSC-H) and several de-identified locally managed commercial data sets. Access to some data sets requires additional approvals (e.g., the psychiatric hospital must approve access to their data). Access to data by trainees requires approval by a supervising faculty member.
The data access process has enabled cross-institutional collaboration. When a collaborator needs to access clinical data, they do so by obtaining a guest account from institutional IT and demonstrating completion of required HIPAA and human subjects' research training. If collaborators need to move data to their home institution, they are no longer covered by the umbrella protocol and must obtain projectspecific approval from the CPHS.
Although quantitative comparison across institutions is challenging, discussions with collaborators suggests that the process described above is significantly faster and easier than at other institutions. Anecdotally, the data access process has been very well-accepted by the local investigator community and collaborators.
In 2018, the data access process was subjected to a formal audit. Although no fundamental issues were found, deficiencies in record keeping were identified based on random chart review. To address these deficiencies, we transitioned from a paper-based system to using REDCap for request processing. In addition, we transitioned process administration to a single administrative professional. These findings emphasize the need for a formal process.
DISCUSSION, CHALLENGES, AND LESSONS LEARNED
We developed and implemented a data access process for investigators who wish to reuse routinely collected, identified clinical data for research. The process has been deemed exempt by our IRB, removing the need for projectspecific IRB review as well as annual reporting and renewal requirements for projects that are limited to retrospective review of existing clinical data. The project also received a waiver of HIPAA authorization from the CPHS. Over 200 individual researchers have used this process. Average time to access data has been reduced to 1 business day for users from our institution and 3 business days for visiting researchers.
Traditionally, IRBs require a project-specific protocol. In the protocol document, the investigator must specify the data to be abstracted, the analyses to be run, and the results to be reported. However, these requirements are not always compatible with the "big data science" approach. Often, projects are exploratory (e.g., what correlates with what?) and use a variety of algorithms that are difficult to specify in advance.
For example, consider the problem of designing a "highthroughput phenotyping" algorithm to identify patients with an undiagnosed rare disease, such as systemic lupus erythematosus (SLE) within a large clinical data set. It is important to diagnose SLE, but diagnosis is often delayed by years due in part to the wide variety of symptoms that may be associated with the disease 11 and the lack of signs or symptoms that would reliably rule in (or rule out) SLE. To identify patients with undiagnosed SLE, one might attempt to apply machine learning. Specifically, one might design a classification algorithm to identify likely cases based on all data in the EHR. After running an initial version of the algorithm, one might conduct an error analysis by manually reviewing selected cases that were misclassified, modify the algorithm, and repeat.
Thus, it may not be possible for the investigator to prespecify the data fields that the algorithm will use to classify cases, how many cases will be manually reviewed, or which fields will be accessed. It is difficult to determine how many investigators, particularly junior investigators, are deterred by the apparent contradiction between institutional data access policies and the exploratory nature of their data analysis plan. Adoption of umbrella protocols for data access, along with appropriate investigator support and guidance by the IRB and privacy office, can decrease barriers to the reuse of clinical data for research.
Furthermore, IRBs and institutions increasingly recognize the potential liability posed by large-scale clinical data collection required for popular "big data" approaches. Indeed, there is now an insurance industry that provides financial coverage to institutions in case of data breach. 12 Approaches that limit the distribution of identified clinical data (i.e., protected health information) are desirable and may even be cost-saving if they can reduce insurance premiums. The protocol described in this paper specifically excludes projects that wish to transfer data from the institutional servers (e.g., to laptops or noninstitutional computers). Thus, investigators have an additional incentive to maintain clinical data in a safe computational environment provided by the institution.
The requirement to maintain the data on institutional servers does have implications for investigators. For example, analyses must be conducted using software on the servers rather than being downloaded to personal computers where users may have administrative privileges that allow them to install software or modify system configuration. To address this issue, we have dedicated research server capacity (i.e., physical servers and/or virtual machines) within the protected zone where investigators can install software that may be needed for specialized analyses.
We have adopted the perspective that vetted investigators can be trusted, rather than attempting to restrict user capabilities to prevent breach. One reason for this choice is that it is very difficult to prevent a malicious user from circumventing technical safeguards. For example, by taking a photograph of a screen using a personal smart phone or simply writing down information on paper. Thus, we have chosen to rely on careful user vetting rather than technical restrictions.
CONCLUSION
The purpose of this paper is to describe the clinical data access process that is in place at our institution. This process has been operational for over 5 years (i.e., has passed the test of time) and has withstood formal audit. Compared with traditional project-by-project IRB review, this process decreases the burden on investigators wishing to reuse clinical data for research and quality improvement while appropriately protecting patient privacy and complying with relevant regulations. We hope that this example can help other institutions lower barriers to research by developing appropriately compliant but research-friendly policies and procedures.
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